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NINHYDRIN AS A UNIVERSAL SCREENING TOOL FOR BODY FLUIDS 
 
 
EMILY MARION TINE 
 
ABSTRACT 
 Ninhydrin is one of the most widely used chemical reagents for the enhancement 
of latent fingerprint impressions on porous substrates
1–22
.  Ninhydrin (2,2-
dihydroxyindane-1,3-dione) reacts with the amino acids most commonly encountered in 
the sweat of fingerprints, producing an intense purple color
1
.  Since ninhydrin reacts with 
amino groups in organic compounds, the chemical ought to be able to positively react 
with biological materials collected at crime scenes that contain amino acids associated 
with the nucleic acids in DNA
1,21
.   
Previous studies have investigated the use of ninhydrin as a screening tool for specific 
types of biological material
21,22
.  Driscoll et al. has found that treating buccal swabs with 
ninhydrin has greatly assisted in locating the buccal cells for subsequent DNA analysis
22
.  
Bayer et al. has shown that ninhydrin can be an effective screening method of swabs 
containing an unknown content of biological material and can detect cellular material on 
handled items
21
.  In addition, ninhydrin has repeatedly been shown to have minimal 
effect on DNA and downstream PCR processes
16,21,22
. 
Present methods for body fluid identification test for only one body fluid at a time, 
i.e. identifying three different body fluids would require that three different assays be 
employed. Pre-screening certain items with ninhydrin could assist crime scene 
investigators in collecting the most probative samples, rather than randomly selecting 
from items that may or may not contain any biological material.  Ninhydrin is 
vi 
inexpensive, easy to use and has the potential to be an effective screening tool for various 
types of biological material.  Additionally, a tool that encompasses various types of 
biological materials is beneficial to crime scene investigators by minimizing the 
resources needed and providing a broader situational use. 
In this study, the capability of ninhydrin to react with dilute blood, neat semen, neat 
saliva, vaginal secretions, neat urine and perspiration was determined.  In addition, the 
efficacy of various methods for processing and developing the ninhydrin reaction as well 
as the effectiveness of ninhydrin as a screening tool on various substrates were explored. 
Furthermore, the effect of ninhydrin on subsequent presumptive and confirmatory body 
fluid testing was examined.   
The results show that ninhydrin can successfully enhance latent blood, semen, 
saliva, vaginal secretions, urine and perspiration.  Different substrates affected the 
visualization of ninhydrin-processed stains, thus the type of substrate should be 
considered when using ninhydrin, and methods may need to be adjusted accordingly.  
Further, ninhydrin processing does not appear to detrimentally affect subsequent 
presumptive and confirmatory screening for blood, semen and urine.  Saliva testing 
results were inconsistent and must be further studied to determine whether or not 
ninhydrin negatively affects the outcome of these tests.   
Not all stains that reacted positively with ninhydrin were body fluids.  Whole 
milk, beer, Red Bull
®
 and Naked Juice protein smoothie all showed a purple color change 
when processed with ninhydrin.  The best ninhydrin solvent overall was determined to be 
HFE7100 due to its cleaner application and more consistent results than petroleum ether.  
vii 
The use of a steam iron may detrimentally impact secondary screening of body fluids; 
suspected body fluids should be processed with ninhydrin in a laboratory oven at 
approximately 70°C to prevent potential loss of evidence. 
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1. INTRODUCTION 
Ninhydrin is one of the most widely used chemical reagents for the enhancement of 
latent fingerprint impressions on porous substrates
1–22
.  A porous surface is made of 
permeable material that liquids can soak through, such as paper, unfinished wood, and 
cardboard.  Ninhydrin (2,2-dihydroxyindane-1,3-dione) reacts with the amino acids most 
commonly encountered in the sweat of fingerprints, producing an intense purple color
2–
5,13,15,16,20,21
. 
 
1.1 Ninhydrin History 
Siegfried Ruhemann first discovered ninhydrin in 1910, when he inadvertently 
prepared the compound while attempting to synthesize dicarbonyl compounds
2,23
.  
Ruhemann then examined ninhydrin’s ability to react with amino acids in sweat.  The 
resulting purple product is known today as Ruhemann’s purple.  Prior to being used for 
latent print enhancement, ninhydrin was popular in the analytical chemistry and 
biochemistry fields.  Ninhydrin was used to detect the amino acids of various proteins in 
biological samples as a diagnostic tool
3.  In the early 1940’s, ninhydrin was commonly 
used to locate amino acids on chromatograms.  Throughout the use of these tests it was 
advised to avoid contact with the fingers due to the strong reaction between ninhydrin 
and sweat
4
. 
It was not until 1954 that the ninhydrin reaction would be recognized as a possible 
tool to detect fingerprint impressions.  The Swedish biochemists, Odén and von Hofsten, 
2 
first applied ninhydrin to latent fingerprint impressions
5
.  Fingerprint impressions contain 
approximately 98% water, and the remaining 2% is comprised of fats, salts, amino acids 
and oils.  The water will evaporate, leaving behind the remaining components.  After 72 
hours, fats and oils are generally more difficult to detect.  Salts are detectable for several 
months, but amino acids are more persistent, and can be detected for up to several years 
after the initial deposit
4
.  Odén and von Hofsten found that ninhydrin could develop 12-
year-old fingerprint impressions due to the high persistence of amino acids present
6
.  
Over the years, researchers sought to produce the best method of development.  
Researchers were mostly concerned with the solvent type and the concentration of 
ninhydrin.  Some of the various ninhydrin preparations found in the literature are shown 
below in Table 1. 
Table 1. Various ninhydrin reagent preparations. 
Author and Year 
Published 
Solvent Ninhydrin Concentration 
Oden, 1954
6
 Ether or Acetone 0.2% 
Crown, 1969
4
 Petroleum Ether Less than 0.7% 
Morris, 1974
7
 Non-Flammable Ninhydrin 
(NFN) 
0.5% 
Almog, 1997
9
 HFE7100 0.5% 
 
Many of the early attempts to formulate an optimal ninhydrin reagent were focused 
on safety.  More specifically, toxicity and flammability were of great importance because 
laboratories were not yet capable of dealing with these types of solvents.   The first 
reported solution was acetone-based, but this solution caused certain inks to run
7
.  In 
1969, Crown et al. proposed a petroleum ether based solution
4,7–9
. The issues surrounding 
the petroleum ether solution concerned its high volatility and flammability
8,10
.  However, 
this non-polar solvent minimized the running of ink and subsequently preserved the 
3 
evidence for further examination.  An improved, non-flammable ninhydrin (NFN) 
solution was finally developed in the early 1970’s.  NFN is no longer available because it 
contained chlorofluorocarbons (CFCs)
2,9
, compounds known to deplete the ozone layer 
and have other environmental concerns.  As a result, these solvents were banned
10
.  The 
prohibition of NFN led to new, non-flammable alternatives containing 
hydrofluorocarbons (HFCs) or hydrofluoroethers (HFEs).  HFE7100 is a safer, non-
flammable, non-toxic alternative to NFN
9
.   
 
1.2 The Ninhydrin Reaction 
Ninhydrin is a pale yellow solid, stable hydrate and a non-toxic, crystalline 
compound
1,3
.    Furthermore, ninhydrin is a highly polar compound and requires the 
addition of polar solvents to solubilize it
2
.  Much research has attempted to uncover the 
reaction mechanism that causes ninhydrin to change color
3
.  Ninhydrin reacts with the 
amine group in amino acids to produce Ruhemann’s purple9; the by-products of the 
reaction are carbon dioxide and an aldehyde derivative of an amino acid
3
.  The most 
commonly accepted mechanism is shown below in Figure 1
3
.  The mechanism is complex 
and greatly depends on the reaction conditions
2,7
. 
4 
 
Figure 1. Most plausible ninhydrin reaction mechanism
3
. 
 
Because the ninhydrin reaction is so complex, several studies have focused on the 
chemical reaction at the molecular level in hopes of better understanding how exactly 
ninhydrin reacts with amino acids
12,14,18
.  Ninhydrin is a nonspecific reagent, meaning it 
reacts well with all types of amino acids, producing a well-developed impression
3
.  Some 
studies have attempted to determine which amino acids are more commonly encountered 
in a fingerprint impression, and how many actually react with ninhydrin
12,18
. 
The concentration of amino acids in sweat deposited with the impression will 
influence the quality of the print
11
.  There are certain variables that will affect the 
concentration of amino acids being transferred, such as the total amount of sweat 
deposited, the amino acid concentration of the individual’s excretions, and the age of the 
print
3
.  Furthermore, the composition of perspiration varies amongst individuals both 
5 
quantitatively and qualitatively in the proportions of amino acids
4
.  Fingerprint 
impressions contain approximately 0.3-2.6 mg/L of amino acids
2,12
.  This corresponds to 
about 250 ng per print.  Only a small amount of amino acids is required to develop an 
acceptable print
2
.    
On a molecular level, two molecules of ninhydrin react with one molecule of an 
amino acid to produce Ruhemann’s purple.  Ramminger et al. found that when the 
reactants, ninhydrin and the amino acids, are unable to come in contact with one another, 
the reaction does not go to completion
14
.  In order for the reaction to proceed, the amino 
acids need to be brought into close proximity with ninhydrin molecules.  However, the 
solvent evaporates within seconds of application.  The addition of water can mediate the 
reorientation of the reactants so they come into contact and the reaction can proceed.  Too 
much water causes the reactants to diffuse and results in blurry lines.  Rather than add 
water directly, an atmosphere of high humidity can develop the process
14
. 
The ninhydrin reaction has its limitations.  First, the reaction is slow, and requires the 
addition of heat and humidity to accelerate the process
9,15
.  However, excess heat can 
cause background discoloration and damage to the evidence
9
.  Second, ninhydrin 
developed impressions are not permanent and begin to fade about a month after 
maximum development
4,9
.  Fading can be accelerated from exposure to light and 
oxygen
3
, however, the addition of metal salts, such as zinc chloride, forms stable, colored 
complexes that enhance the sensitivity of the reagent
1,16
.  These colored complexes can 
be viewed with an argon ion laser and fluorescence can be observed at 592 nm and 407 
nm
3,17,18
.  In addition, ninhydrin has been found to react with various amine-containing 
6 
compounds.  These cross reactions can generate a colored or fluorescent product that can 
interfere with fingerprint development
2,4
.  For example, ninhydrin reacts with various 
tissues, milk, urine, saliva, blood plasma, serum, lymph, cyst contents, fresh eggs, 
albumin, fresh and boiled meat, and sweat
4
. 
 
1.3 Reaction Parameters 
The method of development for the ninhydrin reaction has gradually changed 
throughout the years. Contributing factors to these changes include the nature of the 
impression, the nature of substrate, the background color of the substrate, the safety of 
the reagent, the ease of preparing solutions, the ease of applications, the availability of 
equipment, and the expertise of the examiner
19
. Solvent choice is considered based on 
flammability, toxicity, sensitivity and non-ink-running properties
7
.    
The carrier solvent HFE7100 meets the criteria of being non-toxic and non-
flammable with minimal ink running.  When compared to petroleum-ether, HFE7100 is 
considered to be a more effective solvent
10
.   
Table 2 compares HFE7100 and petroleum ether in terms of overall clarity and 
contrast
10
. HFE7100 provided an equal or higher quality of fingerprint impressions about 
94% of the time
10
.  When considering environmental concerns, HFE7100 appears to be 
the better alternative, although HFE7100 yields superior results, the cost of the solvent 
makes the volume use of ninhydrin expensive
8
. 
7 
 
 
Table 2. Comparison of HFE7100 to petroleum ether as a ninhydrin solvent
10
. 
 HFE7100 Superior 
Solvent 
Equal Petroleum Ether 
Superior Solvent 
Latent fingerprint 
impression quality 
47.8% 45.6% 6.7% 
Minimal ink running 33.3% 66.7% 0% 
 
 
The pH of the reaction must be above 4, and ideally between 4.5 and 5.2, to ensure 
acidic conditions
3
.  A ninhydrin solution is typically prepared first as a stock solution, 
with high proportions of a polar solvent to promote the stability of the mixture and keep 
ninhydrin in solution
2,3
.  Next, a small amount of the stock solution is diluted with a non-
polar carrier solvent to then be applied to evidence
3
.  Because the ninhydrin reaction 
requires acidic conditions, acetic acid is typically added to the solvent mixture
2
. 
One of the most notable disadvantages of ninhydrin is the relatively slow speed of the 
reaction that may take several days to weeks to complete.  However, the addition of heat 
and humidity can accelerate the reaction
1
. Typically, developmental conditions are set at 
room temperature  in a dark humid environment for 1-2 days 
3
.  If a humidity chamber is 
available, the relative humidity is generally set between 60-70% and the temperature 
between 70-80°C
3,9,20
.  Because humidity chambers are expensive, a beaker of water 
placed in an oven or an enclosed chamber can serve as a more cost-effective way of 
introducing humidity
4
.  Alternatively, the use of an iron held above the evidence can 
effectively supply both heat and steam to expedite development
3,8
. 
The application of ninhydrin to evidentiary items can be performed through dipping, 
spraying or brushing.  Ninhydrin crystals can be crushed by mortar and pestle, until a fine 
8 
powder is produced.  Using a fingerprint brush, the powder is applied to the suspected 
latent prints.  This method of application is slower and more time consuming than the 
other two, and produces fainter prints
3
.  Ninhydrin also exists as a premixed liquid
1
.  The 
most common method employed is dipping, where the evidentiary item is immersed into 
a ninhydrin solution for a certain amount of time and then taken out and air dried
3
. 
 
1.4 Ninhydrin Analogues 
The limitations previously discussed have encouraged chemists to develop ninhydrin 
analogues in pursuit of a more improved reagent.  More specifically, researchers sought 
to achieve a more sensitive reagent with less background staining and with safer solvent 
mixtures.  The ninhydrin analogues are structurally similar and able to react with amino 
acids.  The most notable analogues synthesized are 1,8-diazofluoren (DFO) and 1,2-
indandione (IND)
2
. 
DFO and IND have increased sensitivity, producing more details within a fingerprint 
impression than ninhydrin
1,2
.  DFO can develop highly fluorescent prints that do not 
require a secondary treatment with metal salts
2
.  However, these prints can only be 
detected by fluorescence, requiring specialized light sources
2,17
.  Although DFO and IND 
are more sensitive, neither reagent produces a color as intense as Ruhemann’s purple18,20.  
Ninhydrin produces excellent clarity and detail, is a clean and simple technique, and can 
be used directly at crime scenes
7,9
.  Although certain analogues have shown improved 
properties, ninhydrin is still considered an invaluable and irreplaceable reagent
2,3
.  
9 
1.5 Detection of Biological Fluids 
Since ninhydrin reacts with amino groups in organic compounds, the chemical should 
be able to positively react with biological material collected at crime scenes that contains 
amino acids associated with the nucleic acids in DNA
1,21
.  Driscoll et al. and Bayer et al. 
both demonstrate the use of ninhydrin as a screening tool for specific types of biological 
material
21,22
. 
Driscoll et al. expressed the desire to rapidly screen buccal swabs and locate the 
highest concentration of buccal cells for subsequent DNA analysis
22
.  When collecting 
samples from crime scenes, imprecise swabbing and testing from areas with low 
concentrations of cells can lead to incomplete STR profiles due to the lack of DNA 
present.  As a result, repeat testing must be performed, which incurs increased costs of 
time and money.  Treating buccal swabs with ninhydrin greatly assisted in locating the 
saliva/buccal cells and increased the initial amplification success rate from 88% to 96%
22
.  
Bayer et al. has also shown that ninhydrin can be an effective screening method for swabs 
containing unknown biological material and can detect perspiration/cellular material on 
handled items
21
.  In addition, ninhydrin has repeatedly been shown to have minimal or no 
harmful effect on DNA and downstream PCR processes
16,21,22
. 
Several screening techniques are currently used at crimes scenes and in the laboratory 
to locate latent biological stains.  An alternate light source (ALS) is often an effective 
tool, however, an ALS is not suitable for every crime scene and certain fabrics can mask 
the visualization of biological stains.  Chemical reagents such as luminol and leuco-
crystal violet (LCV) can be applied to latent bloodstains at crime scenes, but require 
10 
complete darkness and may cause background discoloration in areas exposed to plenty of 
light, respectively.  Furthermore, present methods for body fluid identification test for 
only one body fluid at a time, i.e. identifying three different body fluids would require 
that three different assays be employed.  
At crime scenes, there is often suspected contact between an offender and an item, 
which warrants swabbing the item and submitting unknown biological material for DNA 
analysis.  This can result in the collection of numerous swabs that may or may not have 
pertinent evidence. DNA typing is expensive, thus it is more cost-effective to submit 
swabs known to contain biological material
21
. Pre-screening certain items with ninhydrin 
could assist crime scene investigators in collecting the most probative samples, rather 
than randomly selecting from items that may or may not contain any biological material.  
Evidence containing both fingerprints and biological stains is frequently 
encountered
16
.  It is important to be able to enhance any latent prints present while 
preserving the biological evidence.  Furthermore, suspected fingerprint impressions 
enhanced with ninhydrin may fail to display ridge detail, but a development of the 
Ruhemann’s purple suggests the presence of biological material. Ninhydrin is 
inexpensive, easy to use and has the potential to be an effective screening tool for various 
types of biological material including body fluids.  Additionally, a tool that encompasses 
various types of biological materials is beneficial to crime scene investigators by 
minimizing the resources needed and providing a broader situational use. 
11 
1.6 Research Objectives 
 The purpose of this study is to demonstrate the use of ninhydrin as a useful 
screening tool for locating various body fluids.  More specifically, this research will 
explore the capability of ninhydrin to react with dilute blood, neat semen, neat saliva, 
vaginal secretions, neat urine and perspiration.  This study will explore the efficacy of 
various methods for processing and developing the ninhydrin reaction, including the use 
of two different ninhydrin solutions.  These methods will then be used to examine the 
effectiveness of ninhydrin as a universal screening tool on various substrates. 
Additionally, this study will determine whether or not ninhydrin and the method of 
development have an effect on subsequent presumptive and confirmatory body fluid 
testing.  The specificity of ninhydrin with respect to several common beverages will also 
be investigated. 
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2. EXPERIMENTAL 
 Ninhydrin reactions were developed using both a HFE7100 premixed ninhydrin 
solvent and a heptane-petroleum ether premixed ninhydrin solvent (Evident
®
 Crime 
Scene Products, Union Hall, VA).  The heptane-petroleum ether premixed solvent will be 
referred to as the petroleum ether solvent throughout the rest of the paper.  In addition, 
each reaction was developed at room temperature (RT), in a laboratory oven at 70°C with 
no added humidity (NH70), in a laboratory oven at 70°C with added humidity (H2O70) 
and with a steam iron.  The biological fluids were obtained from a variety of donors in 
accordance with protocols approved by the Institutional Review Board.  All photographs 
were taken under uniform lighting conditions using a light box (MK Digital Direct, Chula 
Vista, CA) and an Olympus SP-500uz, AF Zoom 6.3-63 mm camera. 
 
2.1 Method Optimization 
 Biological samples consisted of 15 μL each of blood (diluted 1:500), neat semen, 
neat saliva, vaginal secretions extracted from swabs and neat urine; perspiration was 
applied directly through contact with the skin, so the exact amount could not be 
measured.  Distilled water was used as a negative control.  A set of samples was prepared 
on white, cotton swatches (Fisher Scientific, Pittsburgh, PA) that measured 10 cm by 10 
cm, for each type of ninhydrin solvent and for each developmental condition.  There were 
a total of 8 swatches for each trial and a total of 3 trials (replicates).  Prior to the addition 
13 
of the samples, each swatch was labeled with the reagent type and the developmental 
condition.  Figure 2 depicts an example of the labeled swatch. The perspiration sample 
was obtained by rubbing a finger on the side of the nose for a few seconds and then 
rubbing that finger onto the swatch for a similar amount of time.  Vaginal secretions were 
prepared by adding approximately ¼ of a vaginal swab to 150μL distilled water, and 
allowing the swab to extract for approximately 1 hour.  The swatches were left on a 
laboratory bench top for 24-48 hours. 
 
Figure 2. An example of the labeled swatches prepared for the method optimization. 
 
2.1.1 Room Temperature Development 
The two “room temperature” labeled swatches were sprayed with the 
corresponding labeled ninhydrin solutions and developed on a laboratory bench.  A 
photograph of each swatch was taken at the following time intervals: 5 minutes, 10 
minutes, 20 minutes, 30 minutes, 45 minutes, 60 minutes, 90 minutes and 120 minutes.  
14 
After 120 minutes, the swatches were set aside and observed daily for further 
development. 
 
2.1.2 NH70 Development 
 The two “NH70” labeled swatches were sprayed with the corresponding labeled 
ninhydrin solution and allowed to air dry for approximately 30 seconds.  The two 
swatches were then placed into a laboratory oven set at approximately 70°C without 
added humidity for 1 hour.  A photograph of each swatch was taken at the following time 
intervals: 5 minutes, 10 minutes, 20 minutes, 30 minutes, 45 minutes and 60 minutes.   
 
2.1.3 H2O70 Development 
A beaker containing 600 mL of water was placed in the oven for 15-20 minutes to 
provide a more humid environment for development, however, actual humidity was not 
measured.  The two “H2070” labeled swatches were then sprayed with the corresponding 
labeled ninhydrin solution and allowed to air dry for approximately 30 seconds.  The 
swatches were placed in the oven for 1 hour.  A photograph of each swatch was taken at 
the following time intervals: 5 minutes, 10 minutes, 20 minutes, 30 minutes, 45 minutes 
and 60 minutes. 
 
2.1.4 Steam Iron Development 
The two “iron” labeled swatches were sprayed with the corresponding ninhydrin 
solutions and allowed to air dry for approximately 30 seconds.  Then, a steam iron 
(Sunbeam
®
 Products Inc., Boca Raton, FL) was set to the highest level of steam and held 
1-2 inches above the samples for 2 minutes.  A photograph of each swatch was taken 
immediately after. 
15 
2.2 Substrate Testing 
 Following method optimization, different substrates were used to examine 
whether the type of substrate affects the outcome of ninhydrin processing.  Samples were 
prepared and processed according to the previous room temperature development, NH70 
development, H2O70 development and steam iron development procedures.  Three trials 
were performed for each substrate.  In addition, each substrate was visually examined in 
white light and with an ALS for the presence of a stain prior to ninhydrin application.  
The following four substrates were purchased (Joann’s Fabrics, Hudson, OH) and 
compared: ivory 100% polyester ponte knit, light blue nylon/polyester/cotton blend, 
white 95% rayon 5% spandex blend, and yellow 100% cotton. 
 
2.3 Body Fluid Testing 
2.3.1 Sample Preparation 
 This portion of the study examined whether or not processing with ninhydrin 
affected subsequent presumptive and secondary screening tests.  Biological testing 
consisted of a 1:500 blood dilution, neat semen, neat saliva and neat urine.  Similarly to 
the previous steps, 15μL of each sample was prepared on white, cotton swatches (~5cm x 
5cm).  Each sample was processed using the same developmental conditions, except for 
H2O70. Each sample was also processed with each ninhydrin reagent. The positive 
control for each test consisted of 15 μL of the biological fluid prepared on a white, cotton 
swatch that was not processed with ninhydrin. A total of 7 swatches was prepared and 
labeled for each body fluid sample; two trials were performed for each sample.  Figure 3 
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shows an example of the labeled swatches.  The samples were left on the bench top to dry 
for 24-48 hours. 
 
Figure 3. Examples of the sample swatch (A) and control swatch (B) for body fluid 
testing. 
 
2.3.2 Ninhydrin Processing 
 Each sample was processed according to the labeled condition after the 24-48 
hour drying period.  The NH70 swatches were sprayed with either the petroleum ether or 
the HFE7100 ninhydrin solution and allowed to air dry for approximately 30 seconds.  
Those swatches were then placed into a laboratory oven set at approximately 70°C for 30 
minutes.  The RT swatches were sprayed with the corresponding ninhydrin solutions and 
developed on a laboratory bench until Ruhemann’s purple developed (up to a maximum 
of 2 weeks).  Lastly, the iron swatches were sprayed with the corresponding ninhydrin 
solutions and allowed to air dry for approximately 30 seconds.  The steam iron was then 
held about 1-2 inches above the samples for 1-2 minutes, with the steam setting on high.  
Each biological sample was processed separately. 
 
2.3.3 Blood Testing 
 Following ninhydrin processing, presumptive blood testing was performed for the 
7 dilute blood samples using leucomalachite green (LMG).  A working solution of LMG 
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was obtained, containing 0.1 g LMG (Thermo Fisher Scientific
TM
, Acros Organics, 
Pittsburgh, PA), 66 mL glacial acetic acid (Thermo Fisher Scientific
TM
, Acros Organics, 
Pittsburgh, PA), 33 mL water and zinc granules (Ricca Chemical Company, Arlington, 
TX).  Approximately ¼ (~5mm x 5mm) of each 1:500 diluted blood sample was cut and 
placed on a labeled spot plate.  To each sample cutting, one drop of the LMG reagent was 
added, followed by one drop of 3% hydrogen peroxide (Walgreens Co., Deerfield, IL).  A 
maximum of 15 seconds was allowed for a bright green color change to occur, indicating 
a positive result for blood.  No color change indicated a negative result. 
 Secondary screening was then carried out with ABA HemaTrace
®
 
chromatographic immunoassay cards (Abacus Diagnostics, Inc., West Hills, CA).  For 
each sample, approximately ¼ of the original stain (~5mm x 5mm) was cut and placed 
into a 1.5 mL microcentrifuge tube labeled with the corresponding development 
condition and ninhydrin reagent used.  Next, 350 μL of HemaTrace® extraction buffer 
was added to each tube.  The bloodstains were extracted at room temperature for 
approximately 1 hour, periodically mixing.  A HemaTrace
®
 card was obtained and 
labeled for each sample, including a negative control consisting of extraction buffer.  
After the extraction period, 150 μL of each sample was added to the sample well region 
of the appropriate chromatographic card.  Results were observed and recorded after 10 
minutes. 
 
2.3.4 Semen Testing 
 Following ninhydrin processing, presumptive testing for acid phosphatase was 
performed for each sample using two different reagents, Diazo Red and AP Spot test.  
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First, a sodium acetate solution was prepared by dissolving 2 g of sodium acetate (Fisher 
Scientific, Pittsburgh, PA) in 1 mL acetic acid (Thermo Fisher Scientific
TM
, Acros 
Organics, Pittsburgh, PA) and 99 mL water.  Then, a Diazo Red stock solution was 
prepared by dissolving 20 mg Fast Red RC salt (MP Biomedicals, LLC, Santa Ana, CA) 
in 15 mL sodium acetate solution.  An alpha-naphthyl phosphate stock solution was 
prepared by dissolving 40 mg of alpha-naphthyl phosphate (MP Biomedicals, LLC, Santa 
Ana, CA) in 30 ml sodium acetate.  From this, the Diazo Red reagent was prepared by the 
addition of 3 mL Diazo Red stock solution to 3 mL alpha-naphthyl phosphate solution.  A 
2.5 mm x 2.5 mm cutting of each semen sample was placed on a labeled spot plate.  To 
each sample, one drop of the Diazo Red reagent was added and observations were 
recorded.  Additionally, swabs were moistened with distilled water and gently rubbed 
against each semen sample.  The swabs were then placed on a labeled spot plate.  Again, 
one drop of the Diazo Red reagent was added and the swabs were observed.  A red-
orange color change within 5 minutes indicated a positive result for acid phosphatase, a 
component of semen.  No color change indicated a negative result. 
 The AP Spot reagent was prepared by adding 0.13 g of AP Spot test reagent 
(Serological Research Institute, Richmond, CA) to 5 mL of water.  Only swabs of the 
semen samples were tested using AP Spot reagent, rather than testing the stains directly.  
This was due to the intense Ruhemann’s purple that developed with the semen stains, 
which made visualization of the semen testing results on cuttings difficult.  Swabs were 
moistened with distilled water, gently rubbed against each semen sample and then placed 
on a labeled spot plate.  To each swab, one drop of the AP Spot reagent was added and 
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observed for a maximum of 5 minutes for a bright pink color change, indicative of the 
presence of acid phospahatse.  No color change indicated a negative result. 
 All samples underwent more specific secondary screening for the presence of 
prostate specific antigen (PSA) using the ABAcard
®
 p30 immunoassay (Abacus 
Diagnostics, Inc., West Hills, CA). Approximately ¼ (~5mm x 5mm) of each sample was 
cut and placed in a labeled, 1.5 mL microcentrifuge tube.  To each tube, 250 μL of the 
ABAcard
®
 p30 immunoassay extraction buffer (Abacus Diagnostics, Inc., West Hills, 
CA) was added.  The samples were then extracted at room temperature for approximately 
1 hour, periodically mixing.  After extraction, each cutting was removed with tweezers 
and placed into a Costar
®
 Spin-X
®
 spin basket (Corning Incorporated, Corning, NY).  
The spin basket was then placed into the same tube from which the cutting came and 
centrifuged at 14,000 rpm for 2 minutes.  The spin basket and cutting were removed, 
leaving behind the extract.  Each ABAcard
®
 p30 immunoassay was labeled and 200 μL 
of each sample extract was added to the appropriate sample well.  Results were observed 
and recorded after 10 minutes.  The presence of two pink bands indicated a positive result 
and one pink band indicated a negative result. 
 Finally, two microscope slides were obtained and labeled. The remaining sample 
in the microcentrifuge tube was mixed with a pipette tip to resuspend the pelleted 
material.  From this solution, 3 μL of each sample was added to a microscope slide.  The 
slides were heat-fixed and stained using the KPIC method
24
.  Each slide was observed 
under 400X magnification using a biological microscope for the presence of sperm. 
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2.3.5 Urine Testing 
 A fresh working solution of p-dimethylaminocinnamaldehyde (DMAC) (Fisher 
Scientific, Pittsburg, PA) was prepared by adding 9 mL of 0.1% DMAC in ethanol to 1 
mL hydrochloric acid (HCl) (Fisher Scientific, Pittsburrgh, PA).  Following ninhydrin 
processing, approximately ¼ (~5mm x 5mm) of each urine stain and negative control was 
cut and placed onto a labeled spot plate. To each cutting, one drop of the DMAC solution 
was added.  A pink color change within 2 minutes indicated a positive result for urea, a 
component of urine.  No color change indicated a negative result. 
 Approximately ¼ of each stain was also placed in a labeled 1.5 mL 
microcentrifuge tube.  Then, 120 μL of RSIDTM-Urine buffer (Independent Forensics, 
Hillside, IL) was added to each tube and the samples were extracted at room temperature 
for approximately 1 hour.  To a labeled RSID
TM
-Urine immunoassay card, 100 μL of the 
appropriate sample was added to the sample well.  Results were observed and recorded 
within 15 minutes. The presence of two blue bands indicated a positive result and one 
blue band indicated a negative result. 
 
2.3.6 Saliva Testing 
 Following ninhydrin processing, approximately half of each saliva stain was cut 
and placed in a labeled, 1.5 mL microcentrifuge tube.  Then, 1000 μL of RSIDTM 
Universal Buffer (Independent Forensics, Hillside, IL) was added to each tube.  The tubes 
were allowed to extract at room temperature for approximately 1 hour, periodically 
mixing.  A 20 μL aliquot of each sample extract was added to a new, labeled 1.5 mL 
microcentrifuge tube containing 80 μL of RSIDTM Universal Buffer.  RSIDTM-Saliva 
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immunoassay cards (Independent Forensics, Hillside, IL) were obtained and labeled for 
each sample. A final extract volume of 100 μL for each sample was added to the sample 
well of the appropriately labeled card.  Results were observed and recorded after 10 
minutes. The presence of two pink bands indicated a positive result and one pink band 
indicated a negative result. 
 The second half of each saliva sample was added to a clean, labeled 1.5 mL 
microcentrifuge tube.  Next, 50 μL distilled water was added to each tube.  The samples 
were allowed to extract for 30 minutes at room temperature.  After extraction, the 
cuttings were removed with tweezers and placed in the spin basket.  The spin basket was 
then placed back into the same tube from which the cutting came.  Briefly, each tube was 
spun down to recover any liquid absorbed in the cotton swatch.  The spin basket and 
cutting were removed, and 50 μL of each sample extract was added to a labeled 
SALIgAE
®
 reagent vial as directed by the manufacturer (Abacus Diagnostics, Inc., West 
Hills, CA).  Results were observed and recorded after 10 minutes.  The presence of a 
yellow color change indicated the presence of saliva.  No color change indicated a 
negative result. 
 
2.4 Specificity Testing 
 A set of samples was prepared on white, cotton swatches labeled for each 
ninhydrin solvent and each development condition, excluding H2O70.  A total of 8 
swatches was used, and three trials were performed.  The following substances were 
used: Miller Lite Pilsner beer, Red Bull
®
, Naked Juice protein juice smoothie and whole 
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milk.  Distilled water served as a negative control and neat semen served as a positive 
control.  Figure 4, shown below, displays an example of how the cotton swatches were 
labeled for the specificity testing.  For each sample, 15 μL of liquid was used. 
 
Figure 4. An example of the labeled swatch used for the specificity testing. 
 
 
2.4.1 Room Temperature Development 
The two “room temperature” labeled swatches were sprayed with the 
corresponding labeled ninhydrin solutions and developed on a laboratory bench.  A 
photograph of each swatch was taken at the following time intervals: 5 minutes, 10 
minutes, 20 minutes, 30 minutes, 45 minutes, 60 minutes, 90 minutes and 120 minutes.  
After 120 minutes, the swatches were set aside and observed daily for 2 weeks for further 
development. 
 
2.4.2 NH70 Development 
 The two “NH70” labeled swatches were sprayed with the corresponding labeled 
ninhydrin solution and allowed to air dry for approximately 30 seconds.  Those two 
swatches were then placed into a laboratory oven set at approximately 70°C without 
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added humidity for 1 hour.  A photograph of each swatch was taken at the following time 
intervals: 5 minutes, 10 minutes, 20 minutes, 30 minutes, 45 minutes and 60 minutes. 
 
2.4.3 Steam Iron Development 
The two “iron” labeled swatches were sprayed with the corresponding ninhydrin 
solutions and allowed to air dry for approximately 30 seconds.  Then, a steam iron was 
set to the highest level of steam and held 1-2 inches above the samples for 2 minutes.  A 
photograph of each swatch was taken immediately following steam application. 
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3. RESULTS 
3.1 Method Optimization 
 Table 3 depicts the time interval at which a purple color was visible for each type 
of body fluid at each developmental condition.  All of the body fluid samples developed a 
purple color; the Ruhemann’s purple became more intense as time progressed.  Figure 5 
displays an example of the purple development when processed using a steam iron.  The 
negative control remained colorless after a maximum time of 2 weeks, as expected.  The 
room temperature swatches were observed for the next couple of weeks to determine 
whether or not ninhydrin continued to enhance the latent stains.  Ninhydrin enhancement 
did not seem to increase after 1-2 days. 
 
Table 3. Time interval for a purple color to develop for each body fluid at each 
condition and with each ninhydrin solution. 
 RT NH70 H2O70 Steam Iron 
PE HFE PE HFE PE HFE PE HFE 
1:500 Blood 
Dilution 
5 min, 5 min 5-10 
min 
5 min 5 min 5 min < 1 
min 
< 1 
min 
Semen 5 min 5 min 5 min 5 min 5 min 5 min < 1 
min 
< 1 
min 
Saliva 5 min 
 
5-10 
min 
5 min 5 min 5 min 5 min < 1 
min 
< 1 
min 
Vaginal 
Secretions 
30 min 
 
20-30 
min 
5-10 
min 
5 min 5 min 
 
5 min < 1 
min 
< 1 
min 
Urine 5-10 
min 
5 min 5 min 5 min 5 min 5 min < 1 
min 
< 1 
min 
Perspiration 5 min 
 
10-20 
min 
5 min 5 min 5 min 5 min < 1 
min 
< 1 
min 
Negative 
Control 
Neg. Neg. Neg. Neg. Neg. Neg. Neg. Neg. 
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Figure 5. Steam iron development with petroleum ether (A) and HFE7100 (B). 
 
3.2 Substrate Results 
3.2.1 Nylon/polyester/cotton Results 
 The nylon/polyester/cotton blend was multi-colored, with the majority of the 
stains on the light blue-grey portion of the fabric swatch.  When examined prior to 
ninhydrin application, the semen stain was clearly visible and the urine stain was faintly 
visible.  After examination with an ALS (blue light at 430-470nm), both the semen stain 
and urine stain fluoresced on all of the swatches. 
Table 4 depicts the time interval at which a purple color was visible on the 
nylon/polyester/cotton blend fabric for each type of body fluid at each developmental 
condition.  At room temperature, only the semen and urine stains developed a purple 
color within 120 minutes.  After a week of development at room temperature, the saliva 
and vaginal secretions developed a purple color.  The perspiration sample did not develop 
a purple color after two weeks.  With and without added humidity at 70°C, semen, urine, 
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saliva, vaginal secretions and perspiration developed a purple color; the purple color 
became more intense as time increased.  Additionally, semen, urine, saliva, vaginal 
secretions and perspiration all developed a purple color with the application of the steam 
iron.  The 1:500 blood dilution did not develop a purple color under any of the four 
conditions after 2 weeks of development. 
 
Table 4. Time interval for a purple color to develop for each body fluid on the 
nylon/polyester/cotton blend. 
 RT NH70 H2O70 Steam Iron 
PE HFE PE HFE PE HFE PE HFE 
1:500 Blood 
Dilution 
Neg. Neg. Neg. Neg. Neg. Neg. Neg. Neg. 
Semen 5 min 5 min 5 min 5 min 5 min 5 min < 1 
min 
< 1 
min 
Saliva 1 
week 
1 
week 
5 min 5 min 5 min 5 min < 1 
min 
< 1 
min 
Vaginal 
Secretions 
1 
week 
1 
week 
5 min 5 min 20-30 
min 
20 min < 1 
min 
< 1 
min 
Urine 10-20 
min 
5-10 
min 
5 min 5 min 5 min 5 min < 1 
min 
< 1 
min 
Perspiration Neg. Neg. 5-10 
min 
5 min 5 min 5 min < 1 
min 
< 1 
min 
Negative 
Control 
Neg. Neg. Neg. Neg. Neg. Neg. Neg. Neg. 
 
3.2.2 Rayon/spandex Results 
The rayon/spandex fabric was a white, stretchy fabric.  When examined visually 
prior to chemical enhancement, the semen stain and urine stain were clearly visible and 
the 1:500 bloodstain was faintly visible for each of the swatches.  After examination with 
an ALS (blue light at 430-470nm), both the semen stain and urine stain fluoresced on all 
of the swatches. 
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Table 5 depicts the time interval at which a purple color was visible for each type 
of body fluid at each developmental condition for the rayon/spandex blend.  All of the 
samples developed a purple color.  However, more time was required for a purple color 
to develop for the saliva, vaginal secretions and perspiration samples at room 
temperature. 
 
Table 5. Time interval for a purple color to develop for each body fluid on the 
rayon/spandex blend. 
 RT NH70 H2O70 Steam Iron 
PE HFE PE HFE PE HFE PE HFE 
1:500 Blood 
Dilution 
5 min 5 min 5 min 5 min 5 min 5 min < 1 
min 
< 1 
min 
Semen 5 min 5 min 5 min 5 min 5 min 5 min < 1 
min 
< 1 
min 
Saliva 60 
min 
60 min 5 min 5 min 5 min 5 min < 1 
min 
< 1 
min 
Vaginal 
Secretions 
60 
min 
60 min 5 min 5 min 5 min 5 min < 1 
min 
< 1 
min 
Urine 5 min 5 min 5 min 5 min 5 min 5 min < 1 
min 
< 1 
min 
Perspiration 60 
min 
60 min 20 
min 
20 min 20 
min 
20 min < 1 
min 
< 1 
min 
Negative 
Control 
Neg. Neg. Neg. Neg. Neg. Neg. Neg. Neg. 
 
3.2.3 Yellow Cotton Results 
The yellow, cotton fabric was a thinner and rougher material than the white, 
cotton swatches.  When examined in white light, the saliva and semen stains were faintly 
visible.  After examination with an ALS (blue light at 430-470 nm), both the semen stain 
and urine stain fluoresced on all of the swatches.  The rest of the stains, including the 
negative control, weakly fluoresced.  Following ninhydrin application, the yellow cotton 
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swatches exhibited purple development in all of the samples, including the negative 
control, with both types of solvents at room temperature and at 70°C without added 
humidity.  Figure 6 shows the yellow cotton swatch processed without added humidity at 
70°C.  Uniquely, the yellow cotton swatch processed with petroleum ether ninhydrin 
turned almost entirely purple.  This fabric was processed 2 separate times and produced 
the same results.  Further processing on this substrate was not performed. 
 
Figure 6. Yellow cotton swatch processed without added humidity at 70°C. 
HFE7100 (A) and petroleum ether (B) after 30 minutes. 
 
3.2.4 Ponte Polyester Results 
 The ivory colored ponte polyester fabric was a stretchy material, similar to the 
rayon/spandex, but thicker.  When examined in white light, both semen and urine were 
faintly visible.  After examination with an ALS (blue light at 430-470nm), both semen 
and urine fluoresced. 
Table 6 depicts the time interval at which a purple color was visible for each type 
of body fluid at each developmental condition for the ponte polyester fabric.  All of the 
samples developed a purple color within 120 minutes at room temperature except for the 
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1:500 blood dilution; the diluted blood required a week to develop.  In addition, all of the 
samples developed a purple color more quickly at 70°C and with the use of steam iron 
compared to at room temperature. 
  
Table 6. Time interval for a purple color to develop for each body fluid on the pont 
polyester fabric. 
 RT NH70 H2O70 Steam Iron 
PE HFE PE HFE PE HFE PE HFE 
1:500 Blood 
Dilution 
1 
week 
1 
week 
45 
min 
45 min 45 
min 
45 min < 1 
min 
< 1 
min 
Semen 5 min 5 min 5 min 5 min 5 min 5 min < 1 
min 
< 1 
min 
Saliva 5 min 5 min 5 min 5 min 5 min 5 min < 1 
min 
< 1 
min 
Vaginal 
Secretions 
45 
min 
30 min 5 min 5 min 5 min 5 min < 1 
min 
< 1 
min 
Urine 5 min 5 min 5 min 5 min 5 min 5 min < 1 
min 
< 1 
min 
Perspiration 90 
min 
90 min 10 
min 
10 min 10 
min 
10 min < 1 
min 
< 1 
min 
Negative 
Control 
Neg. Neg. Neg. Neg. Neg. Neg. Neg. Neg. 
 
3.3 Body Fluid Testing Results 
3.3.1 Blood Testing Results 
Table 7 displays the results for the presumptive testing and secondary screening for the 
two different trials.  All of the samples were presumptively positive for the presence of 
blood. As shown in Figure 7, a positive result for the HemaTrace
®
 immunoassay was 
indicated by a pink band at both the “T” (test) region and “C” (control) region, and a 
negative result was indicated by a pink band only at the “C” region.  For trial 1, the two 
samples that were processed with a steam iron gave negative HemaTrace
®
 results; the 
rest of the samples were positive. 
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Table 7. Presumptive and confirmatory results for 1:500 blood dilution. 
Sample LMG HemaTrace® 
 Trial 1 Trial 2 Trial 1 Trial 2 
Positive control (+) (+) (+) (+) 
HFE7100, NH70 (+) (+) (+) (+) 
Petroleum ether, NH70 (+) (+) (+) (+) 
HFE7100, room temperature (+) (+) (+) (+) 
Petroleum ether, room 
temperature 
(+) (+) (+) (+) 
HFE7100, steam iron (+) (+) (-) (+) 
Petroleum ether, steam iron (+) (+) (-) (+) 
Negative control (-) (-) (-) (-) 
 
 
Figure 7. Results of HemaTrace
®
 cards from trial 1. Top from left to right is the 
negative control, positive control, NH70-HFE, NH70-petroleum ether.  Bottom from left 
to right is iron-HFE, iron-petroleum ether, room temperature-HFE, and room 
temperature-petroleum ether. 
 
3.3.2 Semen Testing Results 
 The results for the presumptive testing and secondary screening for the presence 
of semen are shown in Table 8.  All of the samples produced positive results with AP 
Spot test.  The samples processed with petroleum ether at 70°C without added humidity 
produced negative results with Diazo Red in trial 1.  In addition, the swabbed samples 
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processed with both solvents and enhanced with a steam iron gave negative Diazo Red 
results for trial 2.  Figure 8 displays the results of the immunoassay cards from trial 1.  
Because the semen stains developed an intense purple color, the extracted sample 
resulted in a dark, purple liquid.  However, this did not make it difficult to interpret the 
resulting bands of the immunoassay cards.  Trial 2 produced negative results with both 
samples that were processed with a steam iron.  All other samples were positive. 
 
Figure 8. ABAcard
®
 p30 results from trial 1.  Top row from left to right is room 
temperature-petroleum ether, room temperature-HFE, iron-petroleum ether, iron-HFE.  
Bottom row from left to right is NH70-petroleum ether, NH70-HFE, negative control, 
positive control. 
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Table 8. Presumptive and confirmatory results for semen. 
Sample AP Spot Diazo Red ABAcard
®
 p30 
 Trial 1 Trial 2 Trial 1 Trial 2 Trial 1 Trial 2 
Swab 
 
Swab Cut Swab Cut Swab 
Positive control (+) (+) (+) (+) (+) (+) (+) (+) 
HFE7100, NH70 (+) (+) (+) (+) (+) (+) (+) (+) 
Petroleum ether, 
NH70 
(+) (+) (-) (-) (+) (+) (+) (+) 
HFE7100, room 
temperature 
(+) (+) (+) (+) (+) (+) (+) (+) 
Petroleum ether, 
room temperature 
(+) (+) (+) (+) (+) (+) (+) (+) 
HFE7100, steam 
iron 
(+) (+) (+) (+) (+) (-) (+) (-) 
Petroleum ether, 
steam iron 
(+) (+) (+) Weak 
(+) 
(+) (-) (+) (-) 
Negative control (-) (-) (-) (-) (-) (-) (-) (-) 
  
The presence of semen was confirmed through the microscopic identification of 
sperm.  Table 9 shows the results for each sample when observed under a biological 
microscope with 400X magnification following ninhydrin processing.  All samples had at 
least one or more sperm cells in most fields. 
Table 9. Microscopic identification of sperm. 
Sample Sperm Cells 
 Trial 1 Trial 2 
Positive control (+) (+) 
HFE7100, NH70 (+) (+) 
Petroleum ether, NH70 (+) (+) 
HFE7100, room temperature (+) (+) 
Petroleum ether, room 
temperature 
(+) (+) 
HFE7100, steam iron (+) (+) 
Petroleum ether, steam iron (+) (+) 
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3.3.3 Urine Testing Results 
 The presumptive testing results for urine are depicted in Table 10.  All samples 
were presumptively positive for the presence of urine after the addition of DMAC.  For 
the RSID
TM
-Urine immunoassay cards, a positive result was indicated by a blue band at 
both the “T” (test) region and “C” (control) region, and a negative result was indicated by 
a blue band only at the “C” region. All of the samples produced positive results.  All of 
the samples in trial 1 and the two urine stains processed with petroleum ether (NH70 and 
steam iron) in trial 2 produced very faint bands. 
 
Table 10. Presumptive results for urine. 
Sample DMAC RSID
TM
-Urine 
 Trial 1 Trial 2 Trial 1 Trial 2 
Positive control (+) (+) (+)* (+) 
HFE7100, NH70 (+) (+) (+)* (+) 
Petroleum ether, NH70 (+) (+) (+)* (+)* 
HFE7100, room temperature (+) (+) (+)* (+) 
Petroleum ether, room 
temperature 
(+) (+) (+)* (+) 
HFE7100, steam iron (+) (+) (+)* (+) 
Petroleum ether, steam iron (+) (+) (+)* (+)* 
Negative control (-) (-) (-) (-) 
*The resulting bands were faint 
 
3.3.4 Saliva Testing Results 
 The saliva testing results are shown in Table 11.  For trial 1 using SALIgAE
®
, the 
HFE7100 room temperature and petroleum ether steam iron samples were positive.  For 
trial 2, only the HFE7100 room temperature sample was positive.  Excluding the samples 
processed with an iron, the rest of the samples for trial 2 were all weakly positive, and 
produced a pale yellow color change.  For the RSID
TM
-Saliva cards, only the sample 
processed with petroleum ether at room temperature was positive for trial 1 using 
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RSID
TM
-Saliva.  For trial 2, all samples were positive except both samples processed 
using a steam iron. 
 
Table 11. Saliva testing results. 
Sample SALIgAE® RSID
TM
-Saliva 
 Trial 1 Trial 2 Trial 1 Trial 2 
Positive control (+) (+) (+) (+) 
HFE7100, NH70 (-) Weak (+) (-) (+) 
Petroleum ether, NH70 (-) Weak (+) (-) (+) 
HFE7100, room temperature (+) (+) (-) (+) 
Petroleum ether, room 
temperature 
(-) Weak (+) (+) (+) 
HFE7100, steam iron (-) (-) (-) (-) 
Petroleum ether, steam iron (+) (-) (-) (-) 
Negative control (-) (-) (-) (-) 
 
3.4 Specificity Results 
 The swatch was examined prior to ninhydrin application for the presence of a 
stain; only the Naked Juice protein juice smoothie was visible.  After examination with 
an ALS (blue light at 430-470 nm), the Naked Juice protein juice smoothie and the 
positive control (semen stain) strongly fluoresced, while the Red Bull
®
 and whole milk 
stains weakly fluoresced.  
 Table 12 displays the time it took for a purple color to develop for the different 
substances.  At room temperature, both the beer and Red Bull
®
 samples required 24 hours 
for a purple color to develop.  Processing appeared to be more efficient at 70°C without 
added humidity and with a steam iron. 
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Table 12. The time intervals for a purple color to develop for each development 
condition for the specificity testing. 
 RT NH70 Steam Iron 
PE HFE PE HFE PE HFE 
Milk 30 min 20 min 5 min 5 min < 1 min < 1 min 
Beer 24 hours 20 min 10 min 5 min < 1 min < 1 min 
Red Bull
®
 24 hours 45 min 20 min 5 min < 1 min < 1 min 
Naked Juice 30 min 20 min 5 min 5 min < 1 min < 1 min 
Negative control Neg. Neg. Neg. Neg. Neg. Neg. 
Positive control 5 min 5 min 5 min 5min < 1 min < 1 min 
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4. DISCUSSION 
 The main criticism regarding ninhydrin enhancement for forensic purposes is the 
requirement of heat and humidity
1,3,9
.  It is well documented that at room temperature, 
ninhydrin may continue to enhance latent stains for several days
1–3,9,15
.  However, it is 
more practical for forensic casework to use a method that yields results more rapidly.  
According to the literature, the optimum reaction parameters seem to be 70°C-80°C with 
60%-70% humidity
3,9,20
.  Labs are able to achieve these conditions when applying 
ninhydrin to develop latent fingerprint impressions by using an enclosure capable of 
regulating temperature and humidity
3,9
.  Because a temperature-humidity chamber was 
unavailable for the present study, a beaker of water was placed in the oven for 15-20 
minutes prior to sample development to provide a humid atmosphere in the oven.  
Despite the attempt to increase humidity, the results using this method were similar to 
those obtained without adding the beaker of water.  The most plausible explanation is that 
the opening and closing of the oven door released any water vapor that had accumulated 
in the oven.  However, an atmosphere of 70°C without added humidity seemed sufficient 
to enhance the latent stains.  It did not take longer than 30 minutes for any of the 
biological samples to develop a purple color with the white cotton swatch.  The most 
efficient method was the use of a steam iron to facilitate color development; all of the 
samples developed a clearly visible, purple color within a minute of application.  The 
steam provided both the heat and humidity necessary to accelerate the process. 
 The visualization of latent biological stains can be influenced by the substrate on 
which they are deposited
19
.  The different fabrics used in this experiment had varying 
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types of texture and color.  Semen and urine fluoresced on every single fabric when 
examined with an ALS.  If this occurred during an investigation, universal ninhydrin 
processing would not be necessary; presumptive or confirmatory testing for the body 
fluid suspected of being present could be conducted on the fluorescing stains.  However, 
some fabrics and substrates encountered at crime scenes or as evidence will mask 
biological stains, even when examined with an ALS.  Thus, it is important to determine 
the outcome of ninhydrin processing on several different types of substrates.   
The rayon/spandex blend and the polyester ponte were stretchy, porous fabrics.  
Consequently, these two fabrics absorbed the ninhydrin solvent well compared to the 
nylon/polyester/cotton blend.   The nylon/polyester/cotton blend was somewhat 
impervious to the petroleum ether.  This caused some samples to spread across the 
surface of the fabric and run into the next sample, making interpretation difficult.  The 
yellow cotton fabric was expected to have similar results to the white cotton fabric.  
However, each sample, including the negative control, turned purple with each type of 
ninhydrin solvent on the yellow cotton fabric.  When repeated, the same results were 
obtained.  One possible explanation is that the fabric contained a compound that reacted 
with the ninhydrin to produce a purple product.  This unexpected reaction is very 
significant as other fabrics or substrates may produce similar results, consequently 
generating false positive indications of biological material.  This finding demonstrates 
that ninhydrin should be used only as an investigative tool, and does not confirm the 
presence of a body fluid.  Additionally, the chosen method may need to be adjusted 
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depending on the substrate used.  For instance, it took only 5 minutes for perspiration to 
develop on white, cotton fabric, but 20 minutes to develop on a the rayon/spandex blend. 
  Once evidence is processed with ninhydrin, the next step is to determine what the 
ninhydrin-positive samples may be, depending on the appearance and location of the 
stains and context of the crime.  Subsequent processing will consist of presumptive and 
confirmatory testing to identify body fluids and DNA analysis.  It is essential that 
ninhydrin processing, whether used to detect latent fingerprints or biological stains, does 
not interfere with these tests.  Ninhydrin has repeatedly been shown to have minimal or 
no detrimental effect on DNA and downstream PCR processes
16,21,22
.  However, there is a 
lack of evidence detailing ninhydrin’s impact on presumptive and confirmatory testing 
for body fluid identification. The results obtained in this research demonstrate that 
ninhydrin processing does not appear to interfere with most downstream processes for 
blood testing, semen testing and urine testing.  However, ninhydrin may negatively affect 
saliva testing. 
 Ninhydrin processing with blood was not as sensitive as it was with semen, urine 
and saliva.  This was likely because the blood used to create the stains was diluted first, 
while the other fluids were undiluted.  Since readily visible bloodstains would not require 
the use of a detection tool, a 1:500 dilution was used in order to create a latent bloodstain.  
Presumptive testing for blood produced the expected results.  All samples that contained 
blood produced a bright green color change within 15 seconds; the negative control did 
not produce any color change.  Subsequent secondary screening for blood was performed 
with chromatographic immunoassays.  Chromatographic immunoassays such as 
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HemaTrace
®
 detect hemoglobin and are human (primate) specific
25
.  All of the blood 
samples produced the expected results except for the two samples processed with a steam 
iron from the first of the two trials.  However, when replicated, the two samples 
processed with a steam iron yielded a positive LMG result.  Exposure to high heat can be 
detrimental to proteins
13
; thus, the close proximity of the steam iron may have been 
damaging to hemoglobin, causing false negative HemaTrace
®
 results.  Additional 
replicates must be run to investigate whether or not the use of a steam iron consistently 
causes false negative results with biological screening tests. 
Semen was quickest to develop a purple hue, regardless of the fabric used or the 
condition used.  However, it produced a very intense purple product that often masked 
the presumptive test results.  AP Spot testing was performed only on swabs of the 
ninhydrin-enhanced semen stains because the purple cuttings themselves were too dark to 
enable a purple-pink color change indicative of a positive result to be observed if tested 
directly. All samples were presumptively positive for the presence of semen when tested 
with AP Spot reagent.  Diazo Red was used on both swabs and stain cuttings to determine 
if the red-orange color change could be visualized with the dark purple ninhydrin 
coloring.   The petroleum ether NH70 cutting and swab were both presumptively negative 
when treated with Diazo Red in the first trial.  For trial 2, both samples processed with 
the steam iron were negative when the swabs were treated with Diazo Red.  Similarly to 
the blood testing, use of the steam iron may degrade acid phosphatase, resulting in a false 
negative result. All other samples yielded positive results with the Diazo Red reagent. 
40 
  When comparing the two presumptive semen tests, the AP Spot reagent was 
more effective.  The resulting bright pink color change for AP Spot provided more 
contrast to Ruhemann’s purple than the resulting red-orange color change for Diazo Red.  
Because semen produces a dark purple color when treated with ninhydrin, swabbing the 
developed stain may be the more practical sampling method for colorimetric testing.  One 
possibility to consider is whether the quick development of an intense, dark purple color 
can be viewed as a presumptive test for semen in and of itself.   This could assist forensic 
investigators in prioritizing secondary screening or confirmatory tests for semen, 
especially if the context of the crime does not provide an indication of what body fluid 
the sample may be. 
Microscopic identification of sperm is the single best confirmation of semen.  
Even when acid phosphatase (AP) and prostate specific antigen (PSA) become inactive in 
old stains and poor specimens, microscopic examination can confirm the presence of 
semen.  A common staining technique used to observe sperm is the Christmas Tree stain 
Kernechtrot Picroindigocarmine (KPIC)
24
.  When applied to a sample, sperm heads will 
stain pink/red, sperm acrosomal caps will stain white/light pink and sperm tails will stain 
blue/green.  All samples were positive for the identification of sperm.  This suggests that 
ninhydrin processing does not negatively affect microscopic identification of sperm.   
To detect the presence of PSA in the semen stains, ABAcard
®
 p30 
chromatographic cards were used.  These cards function similarly to the HemaTrace
®
 
immunoassay.  Instead of detecting the presence of human hemoglobin, this test detects 
the presence of human antigen p30, also known as PSA, a main component of semen that 
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is secreted by the epithelial cells of the prostate gland
26
.  All of the samples were positive, 
except for the two steam iron-processed samples in trial 2.  These two samples were also 
presumptively negative when a swab of the samples was treated with Diazo Red.  In 
general, the ninhydrin process does not appear to affect subsequent tests for semen.  
Further trials are needed to assess the likelihood of obtaining a false negative result for 
semen following ninhydrin application, and whether the use of a steam iron influences 
the outcome of these tests. 
Urine was the second fastest biological sample to exhibit purple coloring in 
almost every substrate processed with ninhydrin.  There is no single confirmatory test for 
urine used in forensic laboratories, so multiple tests must be employed.  The DMAC test 
detects urea, a major organic component of urine
27
.  All urine samples displayed positive 
results when treated with DMAC subsequent to ninhydrin.  Additionally, all samples 
were positive with RSID
TM
-Urine, a chromatographic assay that detects Tamm-Horsfall 
Protein (THP) in urine
27
.  As a result, ninhydrin processing does not appear to affect 
subsequent urine testing. 
Bitner et al. has shown that ninhydrin does not interfere with downstream 
processes for saliva testing
13
. More specifically, their tests were aimed at examining 
ninhydrin’s effect on α-amylase.  Because heat can detrimentally affect proteins, two 
developmental methods were employed, development at room temperature and 
development at 70-80°F with varying amounts of humidity.  RSID
TM
-Saliva, SALIgAE
®
 
and the Phadebas amylase test were utilized.  For RSID
TM
-Saliva, they reported that 17 of 
the 18 samples were positive.  The sole negative result was possibly due to the sampling 
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method or the individual’s low levels of α-amylase. Swabbing the saliva potentially 
diluted the sample and decreased the amount of α-amylase present for testing.  All of the 
18 samples were positive using both the Phadebas amylase test and SALIgAE
®
.  It was 
concluded that ninhydrin did not affect α-amylase present in saliva, nor did the heating 
procedure impact the reactivity of the proteins
13
.   
The results from the present research did not emulate the results obtained by 
Bitner et al.  The two tests used to subsequently detect saliva were SALIgAE
®
 and 
RSID
TM
-Saliva.  The SALIgAE
®
 test consists of a colorless test solution within a vial, 
which reacts with saliva to produce a strong yellow color change within 10 minutes.  
However, the mechanism of this test is not published due to its proprietary nature and the 
component of saliva detected remains unknown.  For trial 1, only the sample processed 
with HFE7100 at room temperature and the sample processed with petroleum ether using 
a steam iron gave positive results.  In trial 2, all of the samples but the two processed with 
a steam iron were positive.  Because the mechanism of this reaction is unknown, it is 
difficult to speculate why these results were inconsistent compared to the results obtained 
by Bitner et al.   
Similarly to the other chromatographic tests used, the RSID
TM
-Saliva 
chromatographic immunoassay uses antibodies to detect a specific antigen, in this case 
human salivary α-amylase28.  This test also produced inconsistent results on post-
ninhydrin saliva stains.  Only the sample processed with petroleum ether at room 
temperature was positive for trial 1.  For trial 2, all of the samples but those processed 
using a steam iron were positive.  When using the steam iron, 3 of the 4 samples tested 
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with SALIgAE
®
 were negative and all 4 samples tested with RSID
TM
-Saliva were 
negative.  Similarly to both the HemaTrace
®
 assay and the ABA-p30 assay, the steam 
iron may degrade an essential protein(s) in the SALIgAE
®
 reaction and human salivary α-
amylase in the RSID
TM
-Saliva reaction.  If ninhydrin is not compatible with secondary 
screening tests for saliva, suspected saliva stains should not be processed using ninhydrin 
to avoid the potential loss of evidence. 
The specificity study shows that ninhydrin is not specific to body fluids.  Whole 
milk, beer, Red Bull
®
 and the Naked Juice protein smoothie all developed a purple color 
when processed with ninhydrin.  These results were not unexpected, since ninhydrin is 
known to react with a variety of amino acids and proteins.  Ninhydrin has been used to 
detect the protein content in beer and milk, as well as caffeine and B vitamins in energy 
drinks
29–31
, thus beer, milk and Red Bull
®
 were chosen.  In addition, the Naked Juice 
protein smoothie has a high protein content and visually could be confused with a latent 
semen stain.  Because ninhydrin detects various protein containing substances, it is 
important that presumptive and confirmatory body fluid testing still be performed to 
determine which stains are probative and should undergo DNA analysis. 
When comparing the two different ninhydrin reagents, HFE7100 appears to be the 
superior choice.  Overall, both solvents appeared to perform comparably in terms of 
reaction time; neither solvent required more time than the other for a body fluid to turn 
purple.  However, at times, petroleum ether application caused the samples to display a 
blotchy appearance, in comparison to the consistent uniform, purple color that resulted 
with HFE7100 application.  In addition, spray application is cleaner with HFE7100 than 
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with petroleum ether.  The petroleum ether soaked through the swatch and underlying 
bench paper and took several minutes to dry.  In contrast, HFE7100 evaporated within 
seconds.  As an investigative tool to be used in the laboratory or at crime scenes, 
HFE7100 would be the more practical choice. 
The use of a steam iron appears to be the superior development condition when 
considering only the ninhydrin processing results.  It produced the quickest development 
of Ruhemann’s purple (< 1 min) for all samples compared to the other three development 
conditions.  For the nylon/polyester/cotton blend fabric, the saliva, and vaginal secretions 
required 1 week to develop a purple color at room temperature, and the perspiration stain 
did not develop a purple color at room temperature.  When the steam iron was held 1-2 
inches above the swatch, those three samples developed a purple color within a minute.  
However, the use of steam iron produced inferior results for post-ninhydrin processing 
body fluid testing.  A pattern emerged between the negative results and the samples 
processed with a steam iron, suggesting exposure to the steam may detrimentally impact 
secondary screening of body fluids.  Further trials must be conducted to evaluate the 
validity of these results.  If this is the case, processing should be conducted in a 
laboratory oven at approximately 70°C; this condition is more efficient than room 
temperature development, and did not appear to have a negative impact on secondary 
screening of body fluids. 
 Ninhydrin is one of the most widely used chemical reagents for the enhancement 
of latent fingerprint impressions due to its low cost, excellent clarity, simplicity, and 
ability to be used at crime scenes or in the laboratory.  These properties also contribute to 
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the usefulness of ninhydrin as a universal screening tool for body fluids.  All of the 
biological fluids tested developed a visible purple color and almost all were successfully 
identified using common forensic biology assays.  Ninhydrin can assist crime scene 
investigators to localize latent biological stains at a crime scene as a complementary 
function to its primary use as a fingerprint impression development method. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
46 
5. CONCLUSIONS AND FUTURE DIRECTIONS 
Crime scene investigators have several tools at their disposal to enhance or 
develop latent stains, such as an ALS and body fluid-specific chemical mapping.  These 
tools are not always applicable to every situation, particularly when the types of 
biological materials that may be present are unknown.  As an additional tool, ninhydrin 
can be used as a universal screening method for biological samples.  This study has 
shown that ninhydrin can successfully enhance latent blood, semen, saliva, vaginal 
secretions, urine and perspiration.  Different substrates affected the visualization of 
ninhydrin-processed stains.  For instance, perspiration required more time to develop on 
the rayon/spandex blend rather than on the white, cotton fabric at 70°C.  Additionally, the 
diluted blood did not turn purple on the nylon/polyester/cotton blend, regardless of the 
development condition.  The type of substrate should be considered when using 
ninhydrin, and methods may need to be adjusted accordingly.   
Ninhydrin processing does not appear to detrimentally affect subsequent 
presumptive and confirmatory screening for blood, semen and urine.  Saliva testing 
results were inconsistent and must be further studied to determine whether or not 
ninhydrin negatively effects the outcome of these tests.  Not all stains that can be 
enhanced with ninhydrin are biological fluids.  Many different substances that may be 
confused with a urine stain or semen stain, for example, can be developed with ninhydrin.  
Whole milk, beer, Red Bull
®
 and the Naked Juice protein smoothie all showed a purple 
color change when processed with ninhydrin.  The best solvent was determined to be the 
HFE7100 solvent due to its clean application and volatility.  The quickest method of 
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development involved the use of a steam iron, however, several of the stains processed 
with the steam iron yielded negative results for downstream biological testing. 
Future research in this area should utilize a temperature controlled humidity 
chamber to determine if it will expedite ninhydrin development as the steam iron did but 
without the potentially degrading effects.  A humidity chamber is a standard piece of 
equipment in the fingerprint unit of many crime laboratories, thus making its availability 
for universal biological screening highly likely. In addition, additional substrates should 
be examined to further observe the effect they might have on ninhydrin processing.  One 
type of fabric that should be examined, in particular, is denim because it is popular in 
clothing and masks stains easily.  Studies should also be conducted to observe whether 
aged stains processed with ninhydrin would produce similar results to those collected in 
this study.  Most importantly, additional trials incorporating a significantly greater 
sample size should be performed with presumptive and confirmatory body fluid tests as 
well as in conjunction with DNA analysis to verify that ninhydrin does not have a 
negative impact on these assays.   
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